INTRODUCTION {#s1}
============

Type 2 diabetes is a progressive disease. Typically the development of insulin resistance precedes hyperglycaemia and a diagnosis of diabetes by around a decade. Progressive worsening of hyperglycaemia from mild dysregulation of glucose metabolism (impaired fasting glycaemia and impaired glucose tolerance) to frank hyperglycaemia is paralleled by the development of micro- and macrovascular complications over time \[[@GFV093C1]\].

The chronic vascular complications of diabetes result in considerable morbidity and mortality. Patients with diabetes are two- to four-times more likely to develop cardiovascular disease (CVD) than those without diabetes, indeed CVD is the leading cause of premature death and disability in patients with diabetes \[[@GFV093C2]\]. Microvascular complications result in a considerable burden too, in almost all high-income countries, diabetes is a leading cause of blindness and renal failure \[[@GFV093C2]\].

The aim of treatment is to prevent and/or delay the progression of complications; it has been demonstrated that tight glycaemic control reduces macrovascular and microvascular complications \[[@GFV093C3]--[@GFV093C5]\].

It is becoming increasingly clear that lifetime exposure to glycaemia is important in the development of complications \[[@GFV093C6]\]. It appears that long-term exposure to glycaemia (also known as glycaemic legacy or metabolic memory) translates into poor future outcomes. Large-scale studies of tight glycaemic control in patients with established diabetes (8--11.5 years) with sub-optimal glycaemic control (Action in Diabetes and Vascular Disease: Preterax and Diamicron Modified Release Controlled Evaluation, Action to Control Cardiovascular Risk in Diabetes and Veterans Affairs Diabetes Trial-VADT trials), failed to demonstrate the same level of benefit as the UK Prospective Diabetes Study (UKPDS) \[[@GFV093C3]\] which enrolled patients with newly diagnosed diabetes \[[@GFV093C7]--[@GFV093C9]\].

The mechanisms of target organ damage resulting from hyperglycaemia are similar in patients with type 1 and 2 diabetes, however, in patients with type 2 diabetes, diagnosis often occurs relatively late in the course of the disease and around one-half of patients present with microvascular complications. Data from UKPDS reveal that 21% of patients presented with retinopathy, 20% with erectile dysfunction and 12% with neuropathy on study enrolment \[[@GFV093C10]\]. Around one in five patients (18%) present with nephropathy at diagnosis \[[@GFV093C11]\].

It is clear that early diagnosis and appropriate treatment of glycaemia to achieve tight glycaemic control once the diagnosis is made will reduce glycaemic legacy, and the development of complications and their devastating impact on morbidity and mortality. This paper focuses on diabetic nephropathy (DN) and discusses the role of the kidney on glucose metabolism in patients with diabetes, the impact of diabetes on chronic kidney disease (CKD) and the putative additional renoprotective benefit of hypoglycaemic therapy in the prevention of CKD.

THE ROLE OF THE KIDNEY IN DIABETES {#s2}
==================================

Renal glucose homeostasis in normal physiology {#s2a}
----------------------------------------------

In normal physiology, the kidneys play an important role in the regulation of glucose homeostasis via glucose utilization, gluconeogenesis and glucose reabsorption \[[@GFV093C12]\].

The kidney utilizes glucose as substrate; ∼5--10% of the glucose released into the circulation after an overnight fast and ∼10--15% in the post-prandial state is used by the kidney.

Renal gluconeogenesis is responsible for ∼50% of glucose released into the circulation after an overnight fast. In the post-prandial state, overall endogenous gluconeogenesis is reduced by ∼60% \[[@GFV093C12]\]. In trying to dissect the role of the liver and kidney in the post-prandial state, studies have shown a marked suppression (80%) of hepatic glucose production, while in contrast renal gluconeogenesis increases by 2-fold; it has been postulated that an increase in post-prandial renal gluconeogenesis may drive liver glycogen repletion in parallel to a substantial suppression of hepatic glucose production \[[@GFV093C13]\].

The kidney returns glucose filtered in the pre-urine to the circulation via its re-absorption at the level of the proximal convoluted tubule. Renal glucose reabsorption is the main contributor to glucose homeostasis in the kidney; in normal physiology, around 180 g of glucose is filtered and reabsorbed by the kidneys each day which is considerably more than the 15--55 g produced via gluconeogenesis and the 25--35 g metabolized by the kidney \[[@GFV093C12]\]. Reabsorption of glucose occurs in the proximal convoluted tubule and is mediated by two sodium-glucose co-transporters (SGLTs), specifically SGLT-2 (which contributes to 90% of all glucose reabsorbed) and SGLT-1 (10% contribution) \[[@GFV093C14]\]. SGLT-mediated glucose transport is an active process \[[@GFV093C15]\]. In patients without diabetes, if plasma glucose concentration rises over ∼10 mmol/L the capacity of the SGLT-1 and SGLT-2 transporters is exceeded, the transporters are unable to reabsorb the excess filtered glucose and glycosuria occurs \[[@GFV093C12]\].

Renal glucose homeostasis in diabetes {#s2b}
-------------------------------------

In patients with diabetes, renal glucose homeostasis is significantly altered. There is an increase in gluconeogenesis, in both the fasting and post-prandial state, due in part to insulin resistance and reduced post-prandial release of insulin \[[@GFV093C16]\]. In the post prandial state, renal gluconeogenesis accounts for most of the endogenous glucose production \[[@GFV093C12]\].

In patients with type 2 diabetes renal tubular reabsorption of glucose is increased \[[@GFV093C17]\]. The observed increase in renal tubular glucose reabsorption in patients with diabetes is secondary to an upregulation of the expression of SGLT-2 transporters. Hyperglycaemia and angiotensin II have all been reported to upregulate the expression of SGLT-2 transporters \[[@GFV093C18], [@GFV093C19]\]. The increased number of SGLT-2 transporters results in increased glucose reabsorption and the renal threshold (RT~G~) for glycosuria shifts to the right (Figure [1](#GFV093F1){ref-type="fig"}). However, despite the increased capacity for glucose reabsorption, untreated hyperglycaemia results in plasma glucose which is often above the renal threshold leading to glycosuria. FIGURE 1:The renal threshold (RT~G~) in patients with and without type 2 diabetes.

The kidney also plays an important role in the metabolism of insulin \[[@GFV093C20]\]. In health, around 25% of insulin is metabolized by the kidney each day. In patients with diabetes and kidney damage, the half-life of circulating insulin is increased secondary to impairment of the renal clearance of insulin; this is particularly important in patients with co-existing diabetes and CKD receiving exogenous insulin, who have a significantly reduced requirement for insulin and an elevated risk of hypoglycaemia.

THE IMPACT OF DIABETES ON CKD {#s3}
=============================

DN is characterized by persistent albuminuria, declining glomerular filtration rate (GFR), increasing blood pressure and an elevated risk of CVD. DN is associated with increased CV morbidity and mortality and is the main cause of renal failure \[[@GFV093C21], [@GFV093C22]\].

Data from UKPDS reveals the natural history of kidney damage from diagnosis of type 2 diabetes \[[@GFV093C23]\]. At diagnosis, 92.7% of patients had no evidence of nephropathy, 6.5% had microalbuminuria and 0.7% had macroalbuminuria. The rate of deterioration was ∼2--3% each year, and by 10 years post-diagnosis 24.9% of patients had microalbuminuria. Modelling revealed that 38.3% would have persistent microalbuminura or worse 25 years post-diagnosis.

Diabetic CKD is relatively common in type 2 diabetes, data from a UK-based Primary Care database study revealed that around one-third of patients with type 2 diabetes had impaired kidney function (CKD stage: 3--5 or GFR \<60 mL/min/1.73^2^), with most patients (24.8%) having grade 3 CKD (GFR: 30--59 90 mL/min/1.73^2^) \[[@GFV093C24]\]. More recent data from the US used the National Health and Nutrition Examination Survey (NHANES) to estimate the prevalence of CKD defined by Kidney Disease Improving Global Outcomes (KDIGO) as eGFR \<60 mL/min/1.73^2^ or urinary albumin excretion (UAE) \>30 mg/g in patients with type 2 diabetes. Overall, 43.5% of patients had CKD based on eGFR or UAE, rising to 61% in those aged 65 years and above. The prevalence of CKD by eGFR alone (\<60 mL/min/1.73^2^) was 22% overall and 43.1% in those aged 65 years and above \[[@GFV093C25]\]. Clearly, the increased prevalence in older patients reflects their glycaemic legacy.

Given the anticipated increase in prevalence of diabetes from 382 million world-wide in 2013 to 592 million by 2035, an increase of 55% over 20 years \[[@GFV093C2]\], the numbers of patients with CKD are set to increase considerably.

Like all diabetic complications, CKD has a significant impact on all-cause mortality and morbidity. Mortality rates 10 years post-onset of nephropathy in UKPDS 64 were 29.2% in those with microalbuminuria, 34.9% in those with macroalbuminuria and 91.5% in those with elevated plasma creatinine or renal replacement therapy compared with 12.9% in patients with no evidence of nephropathy \[[@GFV093C23]\].

CVD is the leading cause of death in patients with diabetes, however, in patients with co-existing diabetes and CKD, CVD and mortality rates are significantly higher than in patients with diabetes alone \[[@GFV093C26]\]. Data from a large (\>1 million) sample of the US Medicare population aged 65 years or older revealed that rates of congestive heart failure were 18.5 per 100 patient years in patients with diabetes alone versus 52.3 per 100 patient years in patients with diabetes and CKD and rates for atherosclerotic vascular disease overall (first occurrence of acute myocardial infarction, peripheral vascular disease and stroke/transient ischaemic attack) were 25.3 versus 49.1. Overall mortality rates were more than doubled in patients with co-existing diabetes and CKD compared with diabetes alone (8.1 per 100 patient years versus 19.9 per 100 patient years) \[[@GFV093C26]\].

Recently the Bergamo Nephrologic Diabetes Complication Trial (BENEDICT) follow-up study has shown that even in what would be termed normoalbuminuric range by current cut-off values, any degree of measurable albuminuria associates continuously with significant CV risk that is lost with early ACE inhibitor therapy in type 2 diabetes \[[@GFV093C27]\].

Mortality rates are also significantly higher in patients with diabetes and co-existing hypertension and proteinuria. In one study, standardized mortality ratios were 11-times higher in men and 18-times higher in women with type 1 diabetes and co-existing hypertension and proteinuria compared with the general population. Corresponding figures in type 2 diabetes were five times higher in men and eight times higher in women. Diabetic patients with proteinuria alone had higher standardized mortality ratios than those with hypertension alone \[[@GFV093C28]\].

PATHOPHYSIOLOGY OF DIABETIC KIDNEY DISEASE {#s4}
==========================================

The pathophysiology of diabetic kidney disease is complex and multi-factorial. Environmental factors such as metabolic and haemodynamic perturbations and a genetic susceptibility lead to the activation of pro-oxidative, pro-inflammatory and pro-fibrotic pathways (Figure [2](#GFV093F2){ref-type="fig"}); these lead to increased levels of reactive oxygen species, activation of protein kinase C β, up-regulation of transforming growth factor (TGF)-β1, dysregulation of vascular growth factors (e.g. VEGF-A, angiopoietins), formation of advanced glycation end products (AGE) and adipocytokines \[[@GFV093C29]\]. These changes result in deposition of extracellular matrix, thickening of the glomerular basement membrane and mesangial expansion and eventually glomerular sclerosis and tubulointerstitial fibrosis \[[@GFV093C30], [@GFV093C31]\]. FIGURE 2:Pathophysiological mechanisms of kidney damage in diabetes.

Haemodynamic changes lead to hyperfiltration, an early event in the course of type 2 diabetes, probably prior to diagnosis in many cases \[[@GFV093C32], [@GFV093C33]\], which is followed by a gradual and progressive decline in GFR.

There is conflicting evidence around the prognostic value of hyperfiltration \[[@GFV093C34]\], however, a recent study of 600 patients with type 2 diabetes with normo- and microalbuminura followed up for a median of 4 years revealed that long-term decline in GFR and progression to micro- and macroalbuminuria was more rapid in patients with persistent hyperfiltration at study entry compared with those with normal filtration or hyperfiltration ameliorated by blood pressure and metabolic control \[[@GFV093C35]\]. Overall, 90 subjects (15%) had hyperfiltration at baseline, a significant proportion of these individuals (23.4%) progressed to micro- or macroalbuminuria versus only 10.6% of the 502 with normal filtration or ameliorated hyperfiltration.

It is believed that hyperfiltration results in glomerular death which leads to higher filtration rates and eventual loss of remaining glomeruli resulting in a decline in GFR and ultimately end stage renal disease \[[@GFV093C36]\].

In diabetes, the mechanisms underlying glomerular hyperfiltration encompass glomerular haemodynamic and tubular hypotheses (Figure [3](#GFV093F3){ref-type="fig"}). FIGURE 3:Glomerular hyperfiltration of early diabetic renal disease: (**A**) tubuloglomerular feedback and (**B**) glomerular haemodynamic hypothesis.

The glomerular haemodynamic hypothesis is believed to occur via hyperglycaemia-mediated dysregulation of the glomerular afferent and efferent arteriolae tone, with a higher reduction in afferent arteriolar tone compared with efferent arteriolar tone mainly driven by a local (glomerular) upregulation of angiotensin II. This results in a steady transmission of systemic pressure to the glomerular capillary leading to severe structural glomerular damage. The mechanisms behind this dysregulation are complex but it is worth remembering that the efferent glomerular arteriole is 10--100 times more sensitive to the vasoconstrictive action of angiotensin II than the afferent one and this may contribute to the imbalance in arteriolar tone and the secondary higher intraglomerular capillary pressure observed in diabetes \[[@GFV093C37]\].

The tubular hypothesis proposes that glomerular hyperfiltration is controlled via activation of the tubular reabsorption of sodium and chloride via the tubuloglomerular feedback mechanism. In tubuloglomerular feedback, the macula densa, specialized cells in the distal convoluted tubule next to the glomerulus and the juxtaglomerular cells, sense sodium. In normal physiology, the tubuloglomerular feedback maintains stable glomerular filtration by modulation of the tone of the afferent glomerular arteriole. When the macula densa senses an increase in distal tubular sodium delivery promotes appropriate vasoconstriction of the afferent glomerular arteriolae. On the contrary, a reduction in the amount of sodium in the distal tubuli will be sensed by the macula densa and autoregulatory vasodilation of the afferent glomerular arteriolae will occur.

In diabetes, upregulation of glucose and sodium reabsorption by SGLT-2 in the S1 and S2 segments of the proximal tubule leads to a reduction in sodium levels sensed by the macula densa and consequent vasodilation of the afferent glomerular arteriolae with hyperfiltration \[[@GFV093C36]\]. Animal work suggests that the cytokine TGF-β1 may regulate SGLT-2 expression, rather than elevated glucose levels themselves \[[@GFV093C38]\].

PREVENTION OF CKD {#s5}
=================

Given the considerable burden of DN, in terms of morbidity (CVD and renal failure) and mortality, early intervention to slow the development of DN is good clinical practice.

Control of glycaemia and blood pressure {#s5a}
---------------------------------------

Control of glycaemia and blood pressure are the mainstays to prevent kidney damage and slow its progression \[[@GFV093C39]\]. It has been definitively demonstrated that tight control of glycaemia significantly reduces the risk of microalbuminuria and kidney damage in patients with diabetes \[[@GFV093C3], [@GFV093C4]\]. In terms of blood pressure control, the use of ACE inhibitors or angiotensin II receptor blockers is recommended \[[@GFV093C39]\], due to their effect on the renin-angiotensin-aldosterone system (RAAS) (Figure [4](#GFV093F4){ref-type="fig"}B). Large clinical studies, such as Microvascular Heart Outcomes Prevention Evaluation (Micro-HOPE), Reduction in ENdpoints with the Angiotensin Antagonist Losartan, Irbesartan in Patients with Type 2 Diabetes and Microalbuminuria, Irbesartan Diabetic Nephropathy Trial and BENEDICT have demonstrated that RAAS blockade is renoprotective \[[@GFV093C40]--[@GFV093C44]\]. FIGURE 4:Glomerular hyperfiltration of early diabetic renal disease: effects of (**A**) SGLT-2 inhibition and (**B**) RAAS inhibition.

Potential renoprotective properties of hypoglycaemic agents; an ongoing question {#s5b}
--------------------------------------------------------------------------------

There is emerging evidence and discussion around the potential for some hypoglycaemic agents to have renoprotective effects, independent of their glucose lowering effects (Figure [4](#GFV093F4){ref-type="fig"}A).

SGLT-2 inhibitors {#s5c}
-----------------

SGLT-2 inhibitors are novel hypoglycaemic agents, which reduce glycaemia using an insulin-independent mechanism. *In vitro* work in human proximal tubular cells suggests that the SGLT-2 inhibitor, empagliflozin, reduces inflammatory and fibrotic markers induced by hyperglycaemia and may limit glucose-induced damage of the proximal tubule. The specific mode of action is thought to be blockage of glucose entry into the cell \[[@GFV093C38]\]. SGLT-2 inhibitors block the reabsorption of glucose and sodium via the SLGT-2 transporter in the proximal tubule, which decreases the capacity for renal glucose reabsorption and reduces the renal threshold at which glucose is excreted \[[@GFV093C45], [@GFV093C46]\] resulting in net loss of excess glucose in the urine \[[@GFV093C47]\]. In addition to their action in reducing glycaemia, the SGLT-2 inhibitors also result in a modest reduction in blood pressure and body weight. Given their mode of action, the SGLT-2 inhibitors are only effective in patients with effective renal function.

Animal models of diabetes have demonstrated that SGLT-2 inhibition restores tubuloglomerular feedback. A study using dapagliflozin resulted in reduced reabsorbtion of glucose in the proximal tubule leading to an increase in distal delivery of glucose and sodium and a decrease in GFR of ∼15--20% \[[@GFV093C48]\]. The impact of SGLT-2 blockade on GFR has also been demonstrated in a study in SGLT-2 knockout mice with streptozotocin-induced diabetes, which revealed a reduction in glycaemia and prevention of glomerular hyperfiltration \[[@GFV093C49]\]. A further study by the same group assessed the effect of the SLGT-2 inhibitor empaglifozin in type 1 diabetic Akita mice characterized by an upregulation of kidney SGLT-2. This study revealed an improvement in glycaemia paralleled by a reduction of diabetes-mediated hyperfiltration, together with a reduction in albuminuria, kidney weight and markers of inflammation \[[@GFV093C50]\].

A study in 40 patients with type 1 diabetes, 27 with hyperfiltration (GFR ≥135 mL/min/1.73 m^2^) and 13 without hyperfiltration, revealed that treatment with empagliflozin for 8 weeks reduced eGFR in patients with hyperfiltration by 19% (baseline: 172 ± 23, 8 weeks: 139 ± 25 mL/min/1.73 m^2^) under euglycaemic clamp conditions and 24% (baseline: 186 ± 33; 8 weeks: 142 ± 29 mL/min/1.73 m^2^) in hyperglycaemic clamp conditions, P \< 0.01 for both \[[@GFV093C51]\]. Patients with type 1 diabetes without hyperfiltration were unaffected. Patients in the hyperfiltation group experienced a modest but significant reduction in systolic blood pressure (baseline: 111 ± 10 mmHg; 8 weeks: 108 ± 9 mmHg, P \< 0.05). This was accompanied by a significant increase in circulating mediators of the RAAS.

Indeed, blockade of SGLT-2 would favour increased sodium levels presented to the macula densa and secondary autoregulatory vasoconstriction of afferent glomerular arteriolae to counteract the vascular imbalance driven by local angiotensin II characterized by glomerular hypertension as seen in diabetes \[[@GFV093C36]\]. It is worth noting that natriuresis paralleled by volume depletion will activate the systemic RAAS; indeed, aldosterone levels are increased in patients with type 1 diabetes following treatment with SGLT-2 inhibitor \[[@GFV093C51]\] and net sodium urine excretion is not changed.

The use of SGLT-2 inhibitors in patients with diabetes normally treated with RAAS inhibitors may confer some therapeutic advantages in the treatment of diabetic kidney disease, potentially by activating the non-classical RAAS cascade \[[@GFV093C52]\] (Figure [5](#GFV093F5){ref-type="fig"}). FIGURE 5:Rationale for potential benefit of SGLT-2 inhibition on top of treatment with RAAS inhibitors. The use of SGLT-2 inhibitors in patients with diabetes treated with RAAS inhibitors may favour an increase in angiotensin 1-7/1-9. ACE, angiotensin converting enzyme \[[@GFV093C52]\].

The RAAS cascade can be separated into two major types of action: the classical and non-classical cascades. The classical cascade results in the production of angiotensin II which binds to the AT1 receptor, leading to vasoconstriction, cell proliferation, inflammation, increased oxidative stress and cell apoptosis. The non-classical pathway, results in the production of angiotensin (1--7) which has a vasodilatory, anti-proliferative, anti-inflammatory and anti-oxidative stress effect \[[@GFV093C52]\].

Evidence from an animal study suggests that the use of SGLT-2 inhibitor plus an ACE-inhibitor slows the progression of DN to a greater extent than the use of each agent alone \[[@GFV093C53]\], an event likely to be linked to up-regulation of the angiotensin (1--7) pathway.

Dipeptidyl peptidase-4 inhibitors and glucagon-like peptide-1 receptor agonists {#s5d}
-------------------------------------------------------------------------------

There is also some emerging data for a renoprotective effect with the dipeptidyl peptidase-4 (DPP-4) inhibitors and glucagon-like peptide-1 (GLP-1) receptor agonists. The DPP-4 enzyme cleaves polypeptides with a proline/alanine in the penultimate position at the aminoterminal position. DPP-4 inhibitors exert their hypoglycaemic effects by preventing the breakdown of short-lived endogenous incretins, such as GLP-1 and gastric inhibitory polypeptide. The resultant increased incretin levels lead to an increase in insulin and inhibition of glucagon release. Recent studies have proposed a potential renoprotective property of DPP-4 inhibitors in humans and future studies are ongoing for further validation \[[@GFV093C54]\]. A study in an experimental animal model of DN revealed that after 4-weeks treatment with linagliptin, diabetic kidney fibrosis was ameliorated \[[@GFV093C55]\]. The study used an insulin-deficient model of diabetes and demonstrated an effect on fibrosis with linagliptin which was independent of glycaemic control. Work with cultured endothelial cells revealed that that linagliptin inhibited TGF-β2-induced endothelial-to-mesenchymal transition mediated via microRNA (miRNA) 29 induction. miRNAs are a class of single-stranded endogenous RNAs that regulate gene expression at the post-transcriptional level, miRNA 29s is involved in the regulation of fibrosis.

In an animal model of type 1 diabetes, a GLP-1 receptor agonist was reported to ameliorate renal inflammation, albuminuria and glomerular structural changes, an effect which was reported to be independent of changes in blood pressure, blood glucose and weight loss \[[@GFV093C56]\].

GLP-1 receptor agonists suppress the potent inflammatory mediator nuclear factor kappa B and reduce monocyte chemoattractant protein-1 (MCP-1) and cell adhesion molecules such vascular cell adhesion molecule-1, intracellular cell adhesion molecule-1 which have been associated with abnormalities in vascular function as well as progression of diabetic renal disease \[[@GFV093C57], [@GFV093C58]\].

In addition, sustained elevated GLP-1 levels as seen with DPP-4 inhibitors or GLP-1 receptor agonists, or post-prandially with SGLT-2 inhibition \[[@GFV093C59]\] have been proposed to promote atrial natriuretic peptide (ANP) secretion from atrial cardiomyocytes. ANP induces cyclic guanosine monophosphate-mediated smooth muscle relaxation and natriuresis, leading to a reduction in blood pressure \[[@GFV093C60], [@GFV093C61]\].

In animal studies GLP-1 receptor agonists improve cardiac and vascular function through both glucose-dependent and -independent pathways \[[@GFV093C62], [@GFV093C63]\].

GLP-1 receptor agonists have also been shown to markedly reduce proximal tubule sodium reabsorption and reduce angiotensin II levels which may represent other potential renoprotective mechanisms \[[@GFV093C64], [@GFV093C65]\]. The GLP-1-mediated increase in ANP has not been observed in humans, and more studies will have to be carried out to establish these proposed experimental mechanisms \[[@GFV093C66]\].

CONCLUSION {#s6}
==========

Diabetes and kidney disease commonly co-exist and patients with diabetes and kidney disease have poorer outcomes in terms of mortality and morbidity than those with diabetes alone. It is well documented that tight control of blood pressure and of glycaemia can slow the progression of nephropathy.

Some of the newer oral hypoglycaemic agents appear to have potential renoprotective effects. SGLT-2 inhibitors may exert a renoprotective effect by a number of mechanisms: by lowering glomerular hyperfiltration, limiting hyperglycaemia-induced damage to the proximal tubule, reducing blood pressure and causing weight loss. DPP-4 inhibitors and GLP-1 receptor agonists may exert a renoprotective effect by reducing inflammation, fibrosis and blood pressure and improving cardiac and vascular function.

Haemodynamic changes in the diabetic kidney lead to hyperfiltration which eventually results in kidney damage \[[@GFV093C36]\]. It has been shown that patients with type 2 diabetes and hyperfiltration have more rapid progression of kidney disease than those without \[[@GFV093C35]\]. Agents which have a positive haemodynamic effect and reduce hyperfiltration may allow us to combat DN earlier in the natural history of the disease.

Studies are underway to investigate the potential cardiovascular or cardio-renal longer-term effects in patients with type-2 diabetes include for SGLT2 agonists CREDENCE (ClinicalTrials.gov Identifier-CTI: NCT02065791), CANVAS-R (CTI: NCT01989754\], DECLARE (CTI:NCT01730534), EMPA-REG (CTI: NCT01131676), for DPP-IV agonists CAROLINA (CTI: NCT01243424), TECOS (CTI: NCT00790205), and for GLP-1 receptor agonists ELIXA (CTI: NCT01147250), LEADER (CTI: NCT01179048), EXSCEL (CTI: NCT01144338).

Given the burden of diabetic kidney disease, any additional cardio-renal protective benefits with hypoglycaemic therapy is to be welcomed.
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